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EFFECTS OF EXHAUST PRODUCTS FROM A BIPROPELLANT ATTITUDE 
CONTROL ENGINE ON TRANSMITTANCE OF QUARTZ 
by Ernie W. Spisz, Robert L. Bowman J. Perry Campbell and John F. Casstdy 

Lewis Research Center 

SUMMARY 

Preliminary results are presented on the effects of deposits from the exhaust prod- 
ucts from a 22. 5-newton (5-lbf) thrust, bipropellant, attitude control engine on the 
transmittance of four quartz samples. Transmittance measurements were obtained 
with an ultraviolet spectrometer over the wavelength range from 0.2 to 0.6 microm - 
eter and from 0.32 to 2. 2 micrometers with an integrating sphere, lithium fluoride 
prism monochromator. The changes in transmittance of the four samples were quite 
significant and were due to both scattering and absorption effects. Scattering was found 
to be the primary degradation mechanism in the visible and near ultraviolet wavelength 
range; absorption was the predominant effect in the ultraviolet wavelength range. 


INTRODUCTION 

A 22. 5-newton (5-lbf) thrust, bipropellant, attitude control engine is being used at 
the Lewis Research Center to determine the relation between thruster operating param- 
eters and the deposits from the engine exhaust plume on surrounding spacecraft sur- 
faces. One aspect of this study is to investigate the effects of the thruster discharge on 
the transmitting characteristics of optical elements and window type materials . At the 
present time, the thruster, thruster control system, vacuum facility, and the facility 
instrumentation are being evaluated for performance characteristics and compatibility. 
During this preliminary evaluation period, four quartz samples (along with a number of 
thermal control coatings) were mounted in the vicinity of the thruster plume in order to 
establish the character and level of contamination and to evaluate various transmittance 
measuring techniques used to isolate and identify the effects of contamination. The 
transmittance measurements made on the four quartz samples before and after exposure 
to the thruster discharge are presented. 



EXPERIMENT 


The experimental program is being carried out at the Lewis Research Center in the 
solar simulator facility described in reference 1. The engine is located within the test 
chamber as shown in figure 1. The thruster is a scaled (22. 5-N or 5-lbf thrust) version 
of the 100-newton (22-lbf) thrust RCS engine which had been planned for Skylab. The 
engine is a pressure-fed, bipropellant, single -doublet unit. The propellant is mono- 
methyl hydrazine with nitrogen tetroxide as the oxidizer. The engine is operated in a 
pulse mode which consists, in general, of a train by four firing pulses with the thruster 
on for 50 milliseconds and off for 100 milliseconds. The duration of test firings covered 
a period of 20 days and the thruster was fired 1139 times with a total exposure time of 
57. 4 seconds. 

The four quartz samples were mounted within the test chamber on the test pallet 
shown in figure 2. The samples are Amersil T-08 commercial grade quartz and are 
2. 5 centimeters in diameter and 5 millimeters thick. The samples are mounted within 
an aluminum cup-shaped holder, which itself is mounted to the test pallet so that only 
the top surfaces of the sample are exposed to the thruster discharge. 

Transmittance measurements were made both before and after exposure to the 
thruster discharge. The after -exposure measurements were made after the thruster had 
been fired 1139 times. The measurements were made during a period of 3 to 20 days 
after the samples were removed from the test facility. No special precautions were 
taken during the measurement period to insure that the surface contamination layer did 
not change. The samples were handled as carefully as possible but were stored at room 
conditions . 

Two different spectrometers were available for making bench type spectral trans- 
mittance measurements. These are (1) a Gier-Dunkle magnesium oxide coated inte- 
grating sphere with lithium fluoride prism monochromator (refs. 2 and 3) and (2) a con- 
cave grating vacuum ultraviolet spectrometer (ref. 4). 

A schematic drawing of the integrating sphere -monochromator system is shown in 
figure 3. Transmittance measurements are made by the sample -in/sample-out tech- 
nique with the sample mounted at the inlet port of the sphere for the wavelength range 
from 0. 32 to 2. 2 micrometers. Absorptances and reflectances of the contaminated and 
uncontaminated sample were obtained by mounting the sample in the center of the inte- 
grating sphere rather than at the inlet port position used for the transmittance measure- 
ments . 

A schematic drawing of the vacuum ultraviolet spectrometer is shown in figure 4. 
The instrument is a 1-meter, 15° Robin mount, ultraviolet scanning spectrometer with a 
590 grooves per millimeter concave grating blazed at 0.15 micrometer. A 1 -kilowatt 
tungsten filament bulb located 50 centimeters from the sample is used as the source for 
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Figure 3. - Integrating sphere arrangement for transmittance and absorptance 
measurements. 







Argon-microwave 



Figure 4. - Ultraviolet spectrometer arrangement for transmittance measurements. 


the wavelength range from 0.26 to 0.60 micrometer and a microwave excited low- 
pressure argon discharge lamp (OPTHOS Instrument Company) located approximately 
5 centimeters from the sample is used for the wavelength range from 0. 20 to 0. 30 
micrometer. Transmisttance measurements are made by the sample-in/sample-out 
technique with the sample mounted at the entrance port of the spectrometer . Slit widths 
of 40 micrometers are used for the 1 -kilowatt lamp source and 200 micrometers for the 
argon discharge lamp in order to maintain the detector output current in the useful range 
from 10 to 10 ampere. 


RESULTS 

The contamination on the surface of the quartz samples can qualitatively be de- 
scribed as composed of small, discrete droplets that are transparent. Figure 5 is a 
photograph of the contaminated sample showing a field of view of approximately 1 . 5 by 
1. 5 millimeters. The surfaces of the samples are not uniformly wetted. The droplets 
are of irregular shape and size with mean diameters ranging up to 500 micrometers . 
Microscopic examination of the contaminated surface also indicates that some particulate 
matter in the 5- to 20-micrometer size is evident on the sample. The source of the par- 
ticulate matter is not known. Visual examination of the samples indicates that samples 
A, B, and C (fig. 2) were contaminated to a similar degree and that sample D was more 
heavily contaminated. The reason for the increased contamination of sample D is also 
not known. 

The measured transmittances of the four quartz samples are shown in figure 6 be- 
fore and after exposure to the thruster discharge. The change in transmittance as mea- 
sured with the integrating sphere for wavelengths between 0.6 and 2.2 micrometers are 
negligible and are not included. Thus, data are shown only for the wavelength range 



Figure 5. - Contaminated sample surface. Field of view 
approximately 1.5 x 1.5 millimeters. 


from 0.2 to 0.6 micrometer. No measurements were obtained with the ultraviolet spec- 
trometer for wavelengths greater than 0.60 micrometer. 

The degrading effect of the thruster discharge on transmittance is similar for all 
four samples in that the predominant change in transmittance occurs at the shorter wave- 
lengths. The magnitude of the transmittance changes for samples A, B, and C (fig. 6(a) 
to (c)) are approximately the same. The transmittance changes for sample D (fig. 6(d)) 
are much greater than those for the other three samples and correspond to the increased 
contamination level visually observed on sample D. A comparison between the trans- 
mittance measurements for samples A and D can be used to qualitatively illustrate the 
effect of contamination level on the transmittance changes. 

As can be noted in figure 6, the transmittance measurements obtained with the inte- 
grating sphere differ from those obtained with the ultraviolet spectrometer. In fact, 
there is also some difference between the two ultraviolet spectrometer measurements 
when different sources are used. The ultraviolet spectrometer measurements obtained 
with the ultraviolet source indicate a smaller change than do those measurements ob- » 
tained with the 1 -kilowatt lamp as the source. (The transmittance measurements of the 
clean, uncontaminated sample did not differ noticeably for the various measuring instru- 
ments or sources.) 

Some of the difference between the various measurements may be due to the nonuni- 
formity of the contaminant on the sample surface and the small area actually sampled by 
the spectrometer beam. The sampled area for the integrating sphere measurements is 
2 by 5 millimeters, while the sampled area (or slit size) for the ultraviolet spectrometer 
measurements is 0.04 by 20 millimeters for the 1 -kilowatt tungsten filament lamp and 
0. 20 by 20 millimeters for the ultraviolet source. It is believed that the difference in 
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(d) Sample D transmittance. 
Figure 6. - Concluded. 




the ultraviolet spectrometer measurements is due to the different slit widths and also to 
the source-slit distances. The smaller slit width and greater slit-source distance used 
with the 1 -kilowatt source tend to exaggerate any effects due to nonuniformities of 
the contaminant on the sample surface or any scattering of the transmitted beam that 
may occur. 

The primary reason for the difference between the integrating sphere and ultraviolet 
spectrometer measurements, however, is due to the completely different transmittance 
measurement that is made . The transmittance measurement made with the integrating 
sphere is the ratio of the total energy passing through the sample to the total energy in- 
cident on the surface of the sample. The transmittance measurement made with the 
ultraviolet spectrometer is a more directional (or specular) measurement and does not 
include all of the energy transmitted by the sample. Only the transmitted energy that is 
contained within a small solid angle alined along the optical axis is measured. Thus, the 
difference between the measurements of the two instruments is basically due to the scat- 
tering effect of the contaminant. The integrating sphere measurements include the scat- 
tered radiation, whereas the ultraviolet spectrometer measurements do not. Conse- 
quently, the changes in transmittance measured with the integrating sphere are less than 
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Figure 7. - Transmittance changes for sample D. 


those measured with the ultraviolet spectrometer. Figure 7 shows the difference be- 
tween the two spectrometer readings (i.e. , the changes due to scattering) for sample D. 
Also shown in figure 7, for comparison purposes, is the total change in directional 
transmittance due to contamination as given by the difference between the ultraviolet 
spectrometer transmittance measurements for the contaminated and uncontaminated 
sample. The effect of scattering by the contaminant is signficant in the visible wave- 
length range and accounts for the major portion of the total measured transmittance 
change. The effect of scattering decreases as the wavelength decreases and accounts for 



only one -half of the total change at 0.32 micrometer. 

The difference between the two curves in figure 7 is due to absorption by the con- 
taminant and by changes in the front surface reflection of the sample. The absorption by 
the contaminant can be determined from integrating sphere measurements of the uncon- 
taminated and contaminated sample with the sample mounted in the center of the inte- 
grating sphere (ref. 2). Figure 8 compares the measured absorptance of sample D with 
the difference between the two curves of figure 7. The close agreement between the two 
curves indicates that absorption by the contaminating layer accounts for a significant 
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Figure 8. - Transmittance changes and measured absorptance for sam- 
ple C. 


change in the sample transmittance and that the changes in front surface reflectance are 
minor. Absorption is the primary degradation mechanism in the near ultraviolet wave- 
length region. The effect of absorption decreases as the wavelength increases and be- 
comes negligible for wavelengths greater than 0. 50 micrometer and less than 2. 2 mi- 
crometers. 


CONCLUDING REMARKS 

The effect of exhaust products from a 22. 5-newton (5-lbf) thrust bipropellant attitude 
control engine on the transmitting characteristics of quartz materials is quite signifi- 
cant. The contaminant results in increased absorption in the near ultraviolet wavelength 
range and considerable light scattering in the visible wavelength range. Future experi- 
ments under more controlled conditions will be necessary to provide quantitative data 
on the degree of contamination to be expected for a given application. 

Possibly the most important result from this preliminary study was the recognition 
of the need to make several different measurements to understand and interpret the 
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effects that contamination may have on the optical characteristics of transmitting mate- 
rial. 
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